Polycomb group proteins form two main complexes, PRC2 and PRC1, which generally coregulate their target genes. Here we show that PRC1 components act as neoplastic tumor suppressors independently of PRC2 function. By mapping the distribution of PRC1 components and trimethylation of histone H3 at Lys27 (H3K27me3) across the genome, we identify a large set of genes that acquire PRC1 in the absence of H3K27me3 in Drosophila larval tissues. These genes massively outnumber canonical targets and are mainly involved in the regulation of cell proliferation, signaling and polarity. Alterations in PRC1 components specifically deregulate this set of genes, whereas canonical targets are derepressed in both PRC1 and PRC2 mutants. In human embryonic stem cells, PRC1 components colocalize with H3K27me3 as in Drosophila embryos, whereas in differentiated cell types they are selectively recruited to a large set of proliferation and signaling-associated genes that lack H3K27me3, suggesting that the redeployment of PRC1 components during development is evolutionarily conserved.
Polycomb group (PcG) proteins form two main classes of evolutionarily conserved complexes: PRC2 and PRC1. In Drosophila, PRC2 contains E(Z), the enzymatic subunit that deposits the H3K27me3 mark, as well as SU(Z)12, ESC and p55 (refs. 1-4) . PRC1 contains either PH-P or the homologous PH-D (referred to collectively as PH), PC, PSC (or its homolog SU(Z)2) and SCE subunits 5 . These two complexes are recruited to their target sites by a set of DNAbinding proteins, notably PHO 6 . They colocalize almost perfectly during embryogenesis 7 , and their embryonic phenotypes are similar, with posterior homeotic transformations due to misexpression of Hox genes 8 . Later in development, alterations in PcG components induce cancer 9, 10 , suggesting that PcG proteins may be dynamically recruited to new target genes. As previous work suggested that larval alterations in different PcG components can induce phenotypes of different severity 11 , we analyzed the effect of PRC1 and PRC2 alterations side by side using the FLP-cell-lethal system 12 to generate eye discs composed predominantly of mutant cells.
There are different PRC1 complexes, but all of them contain a catalytic subunit, which in Drosophila is encoded by Sce. In addition, canonical PRC1 (cPRC1) complexes contain PC, PH and PSC proteins. Null mutations in Psc and Su(z)2 (Psc-Su(z)2 1.b8 ), ph-p and ph-d (ph 505 or ph del ) 9, 10 and Pc (Pc XT109 ) induced tumors in a highly penetrant manner ( Fig. 1a and Supplementary Figs. 1a and 2a,b) , showing that cPRC1 is required for tumor suppression. In contrast, a null mutation in E(z) (E(z) 731 ) and an antimorphic mutation in Su(z)12 (Su(z)12 1 ), which encode components of PRC2, generated eye discs with normal appearance and smaller size than that of wild-type controls 13, 14 ( Fig. 1a and Supplementary Fig. 1a,b) . ph-null cells were also negative for the ELAV neuronal differentiation marker, whereas E(z)-null mutant cells were ELAV positive even in the absence of the PRC2-dependent H3K27me3 mark ( Fig. 1b  and Supplementary Fig. 1c) . ph-null mutant cells showed extensive overproliferation in the posterior part of the eye disc; in contrast, E(z)-null mutant cells hypoproliferated ( Supplementary Fig. 1c,d ). Furthermore, cell polarity was normal in E(z) and Su(z)12 PRC2 mutants, whereas it was dysregulated in ph-, Psc-and Pc-null mutant cells, with multilayered cell growth and disruption of the apical localization of F-actin ( Fig. 1c and Supplementary Figs. 1e and 2a,b) . The contrast between tumor induction by cPRC1 alteration and hypoproliferation in PRC2 mutants does not appear to depend on Hox genes, as they were strongly derepressed in both classes of mutants ( Fig. 1d and Supplementary Figs. 1c and 2c) . Whereas ph-null mutation induces expression of N (Notch) in a cell-autonomous manner 10 , no overexpression of Notch was observed in E(z)-null mutant, H3K27me3-negative cells ( Fig. 1e and Supplementary Fig. 1c ). Quantitative immunoprecipitation (qChIP) at the N locus showed that PC and PH bind to N in eye discs in the absence of H3K27me3 (Supplementary Fig. 3 ).
To test whether other genes might acquire PRC1 binding in the absence of H3K27me3, we mapped the PRC1 subunits PH and PC as well as the H3K27me3 mark in embryos 6 and in the larval eye and wing imaginal discs by ChIP-seq (Fig. 2a-e and Online Methods). PRC1-bound genes (co-bound by PC and PH) in embryos are usually marked by H3K27me3 (ref. 7) . Most of the 176 canonical embryonic target genes marked by the two complexes maintained PRC1 and H3K27me3 in larval tissues (Fig. 2a,c Coordinate redeployment of PRC1 proteins suppresses tumor formation during Drosophila development and 6). However, PcG-mediated silencing was dynamic, as shown by combined immunostaining and fluorescence in situ hybridization (immuno-FISH) experiments (Supplementary Fig. 7 ). The hh (hedgehog) gene is expressed in the latest phases of eye disc development posteriorly to the morphogenetic furrow 15 . hh was strongly localized within nuclear PH foci in anterior cells, before the passage of the furrow. However, it was released from PH in most of the cells after the passage of the furrow (Supplementary Fig. 7b ), suggesting that, similarly to mammalian systems 16 , PcG-mediated cellular memory is dynamically regulated during Drosophila development 17, 18 . Dynamic Polycomb binding also occurred on many PRC1-PRC2 targets ( Supplementary Fig. 5a ) where PcG binding strongly increases between embryonic and larval stages as illustrated for danr, dan and chinmo (Fig. 2c) .
In addition, we found a large set of genes that are bound by cPRC1 proteins in larval tissues in the absence of H3K27me3 (Fig. 2b,d-f and Supplementary Table 1) . This category, which we termed 'neo-PRC1' , includes 894 genes in eye discs, 654 of which are also targeted in wing discs (Supplementary Fig. 4b ). Neo-PRC1 targets were strongly enriched in genes regulating the cell cycle, cell polarity and cytoskeletal organization as well as genes involved in signaling and signal transduction pathways ( Fig. 2g and Supplementary Tables 2  and 3 ). These data show that, after a first wave of deployment during embryogenesis, a second developmental wave recruits PRC1 components to a distinct set of genes during larval development.
We analyzed the neo-PRC1 category in more detail. First, we verified PRC1-specific targeting to six of these genes by qChIP in eye discs (Fig. 2f) . H3K27me3 was absent from all of them, but it was clearly detected in PRC1-PRC2 targets. Notably, however, the SU(Z)12 and E(Z) subunits of the PRC2 were present on neo-PRC1 sites (Fig. 2f) , and, in genome-wide mapping of SU(Z)12 (ref. 19) , 66.5% of the neo-PRC1 genes were bound by SU(Z)12 ( Supplementary Fig. 8 ). We therefore compared PC binding and H3K27me3 in ph-and in E(z)-null eye disc tissue. H3K27me3 at PRC1-PRC2 target genes is lower in E(z)-null mutants. As expected, PC binding also decreased in both ph-and in E(z)-null mutants (Supplementary Fig. 9a ). H3K27me3 also decreased slightly upon null mutation of ph at PRC1-PRC2 target genes (Supplementary Fig. 9a ), suggesting that PRC1 may have an effect in stabilizing PRC2 function. Although PC and PH binding at neo-PRC1 was generally weaker than at PRC1-PRC2 targets (Fig. 2e,f and Supplementary Fig. 5 ), we observed decreased PC levels at neo-PRC1 target genes in ph-null mutant tissue. However, PC levels were not affected in E(z)-null mutant tissue, showing that these peaks reflect specific binding and that PC is recruited on neo-PRC1 targets independently from PRC2 (Supplementary Fig. 9b ). We next analyzed histone H2A ubiquitination at Lys118 (H2AK118ub) of PRC1. Mutant discs for the Drosophila PRC1 catalytic subunit Sce showed no defects in growth 20 (Supplementary Fig. 10a ) or polarity ( Supplementary Fig. 10b,c) , suggesting that PRC1 acts on neo-PRC1 targets independently of its associated histone mark. qChIP experiments showed that H2AK118ub was not substantially enriched on neo-PRC1 targets (Supplementary Fig. 10d ). We showed earlier 7 that the DNA-binding protein PHO, a known recruiter of PcG components, also binds at low levels to many other target loci in fly embryos. Genome-wide comparisons and qChIP show that many neo-PRC1 peaks colocalize with these PHO binding sites, suggesting that neo-PRC1 genes correspond to progressive assembly of PRC1 to weaker PHO sites during development 7 (Supplementary Fig. 11 ). In contrast to PRC1-PRC2 targets, neo-PRC1 genes were robustly transcribed ( Supplementary Figs. 12 and 13) . Binding is not simply the consequence of the presence of open chromatin, however, as genes that were similarly or more highly transcribed than the neo-PRC1 group are mostly devoid of PC or PH proteins (Supplementary Fig. 12 ). Because acetylation of histone H3 at Lys27 (H3K27ac) is frequently associated with active genes, and neo-PRC1 targets lack the counteracting H3K27me3 mark, we mapped H3K27ac in eye discs (Fig. 3a-e) . This mark was mostly absent from canonical PcG target genes (Fig. 3a,e) , but we observed strong H3K27ac at neo-PRC1 target genes (Fig. 3b,c, 
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Although the finding of PcG protein binding to active genes is not unprecedented [21] [22] [23] [24] , the coordinate recruitment of PRC1 components to genes involved in cell proliferation, signaling and polarity was notable. We thus performed RNA-seq of eye discs mutated in PRC1 (ph 505 and Psc-Su(z)2 1.b8 null mutations) or PRC2 (E(z) 731 null mutation and Su(z)12 1 antimorphic mutation) components (Supplementary Table 4) . We found that alterations in different components of the same PcG complex regulate similar sets of genes (72% of the genes upregulated in ph mutants were also induced upon Psc-Su(z)2 mutation, and 68% of the genes upregulated in E(z) mutants were also induced in Su(z)12-null tissues) (Supplementary Table 4 and Supplementary Fig. 15a ). Hox and other canonical PcG targets were derepressed in PRC1 and PRC2 mutants (Fig. 3f, Supplementary Fig. 15b and Supplementary Table 4 ). Some PRC1-PRC2 target genes were more strongly derepressed in PRC1 mutants (Supplementary Fig. 15b ). This includes genes of the JAK-STAT pathway that were previously shown to be linked to Polycomb-dependent tumorigenesis 9, 25 . A substantial fraction of neo-PRC1 genes were upregulated in PRC1 mutants but unaffected in PRC2 mutants ( Fig. 3f and Supplementary Fig. 15c ). Upregulated neo-PRC1 genes, representing putative direct targets of PRC1, were strongly enriched in cancer-related Gene Ontology (GO) categories such as cell cycle, cytoskeleton organization and tissue polarity (Fig. 3g, Supplementary Fig. 16 and Supplementary l e t t e r s 
l e t t e r s
Although PcG proteins and many of their target genes are strongly conserved in evolution 30, 31 , the prevalent view is that mammalian PcG components act as oncoproteins, both through INK4A-ARF-dependent and independent mechanisms 32, 33 . However, recent evidence suggests that several PcG members can act as tumor suppressors 32 and that PRC1 may be present at a large subset of sites devoid of H3K27me3 (ref. 34 ). Mammalian cells contained a variety of PRC1-like complexes, all of which contain RING1B 34 . We therefore analyzed genome-wide maps of H3K27me3 and the PRC1 RING1B subunit in human embryonic stem (ES) cells, myelogenous leukemia cell (K562) and normal fibroblasts (Hs68) (Fig. 4a-d) . As expected, a large fraction (96%) of genes bound by RING1B in ES cells showed colocalization of RING1B with H3K27me3. Notably, this fraction decreased in the two differentiated cell types, with only 33% and 36% of RING1B target genes marked by H3K27me3 in K562 and Hs68 fibroblast cells, respectively (Supplementary Table 6 ). Whereas canonical targets were found to encode transcriptional regulators involved in developmental pathways (Fig. 4e) , noncanonical targets (bound by RING1B without H3K27me3) showed a difference in gene ontologies, with functions predominantly in cell cycle regulation, DNA repair, cytoskeleton organization and signaling pathways (Fig. 4e-g ). Similarly to fly larval targets, they are generally strongly expressed in both differentiated cell types (Supplementary Fig. 17a,b) . As RING1B is involved in the formation of non-PRC1 complexes 35 , we analyzed ChIP-seq profiles of BMI1, another PRC1 subunit, as well as EZH2 and SUZ12 (for PCR2), H3K27ac and DNA methylation in K562 cells. We found that the majority of the targets containing both RING1B and BMI1 did not colocalize with H3K27me3 ( Supplementary Fig. 18a,b) . Although EZH2 and SUZ12 were bound to them, these PRC1 targets were strongly marked by H3K27ac. Most of them correspond to DNA-unmethylated CpG islands and are located close to TSSs of highly expressed genes ( Fig. 4h and Supplementary Figs. 17c, 18c  and 19) , highly reminiscent of the situation in Drosophila.
The present work uncovers a substantial redeployment of PRC1 during development. PRC1 components prevent tumorigenesis both by silencing signaling pathway genes in conjunction with PRC2 and by limiting the expression of neo-PRC1 genes coordinately regulating cell cycle, signaling and cell polarity. Therefore, PRC1's role in control of cell proliferation and tissue polarity is as important as its canonical developmental-patterning role that involves silencing of transcription factor genes. Furthermore, the analysis of PcG targeting in human cells suggests a parallel with Drosophila. In human ES cells, whereas noncanonical PRC1 complexes can bind to active genes in the absence of H3K27me3 (refs. 36,37), cPRC1 and PRC2 components colocalize with H3K27me3 similarly to their behavior in fly embryogenesis. In contrast, other normal differentiated cells or cancer cells 23, 34, 38 may feature widespread association of PRC1 components to a large set of target genes in the absence of H3K27me3. Of note, the Mel18 subunit of cPRC1 was suggested to be also capable of activating a subset of its target genes. A similar function was reported for part of the PRC1 targets in Drosophila 24 , suggesting possible conserved activation function for Polycomb components. Finally, it will be important to analyze whether the tumor suppressor function that was recently identified for several PRC1 components 32, 39 involves regulation of neo-PRC1-target genes, similarly to the Drosophila case. EpiGeneSys two-color FISH protocol, http://www.epigenesys.eu/en/ protocols/fluorescence-microscopy/182-two-colour-fluorescentin-situ-dna-hybridization-on-whole-mount-drosophila-embryosand-larval-imaginal-discs; UCSC 
MeTHods
Methods and any associated references are available in the online version of the paper.
Accession codes. Gene Expression Omnibus: Drosophila ChIP-seq and RNA-seq data have been deposited under accession number GSE74080.
Note: Any Supplementary Information and Source Data files are available in the online version of the paper.
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oNLINe MeTHods
Genetics. Flies were raised in standard cornmeal yeast extract medium at 25 °C. The Oregon-R w 1118 line (referred to as wild type) was obtained from R. Paro (ZMBH, University of Heidelberg, Germany). Mosaic imaginal discs were generated through the eye-FLP-cell lethal clonal method as described 12 using UAS-flp under the control of ey-GAL4 to induce recombination. Discs are composed predominantly of mutant cells (referred to in the text as mutant discs). The strong and null mutants used in this study are: ph-p 505 and ph del (both null), Psc-Su(z)2 1 Staining procedures. Eye-antennal imaginal discs were dissected in PBS from L3 wandering larvae and fixed in 4% PFA in PBS for 20 min at room temperature. Discs were permeabilized for 1 h at room temperature in PBS + 0.5% Triton X-100 (0.5% PBTr) and blocked for 1 h at room temperature with 3% BSA in 0.025% PBTr. Discs were then incubated overnight at 4 °C on a rotating wheel with the primary antibodies in 0.025% PBTr and 1% BSA. The following antibodies were used: goat anti-PH (1:500) 8 antibodies. Eye-antennal discs were then washed and stained with DAPI diluted in 0.025% PBTr (1 µg/mL final) for 20 min at room temperature. Discs were rinsed in 0.025% PBTr and put in PBS. Discs were mounted in Vectashield medium (Vector Laboratories) and visualized on Leica SP8-UV confocal microscope. EdU-incorporation experiments were done with EDU Click-iT kit according to the manufacturer's recommendations (Alexa Fluor 488, Invitrogen, C10337). Eye disc sizes were measured by manually defining the limits of the eye discs using ImageJ.
Chromatin immunoprecipitation experiments on whole Drosophila embryos or larval imaginal discs. ChIP of whole embryos (16-18 h ) was essentially performed as previously described 40 . Briefly, cross-linking was performed for 15 min in the presence of 1.8% formaldehyde during tissue homogenization. Chromatin extracts of embryos were sonicated using a Bioruptor (Diagenode) for 15 min (settings 30 s on, 30 s off, high power).
ChIP in Drosophila imaginal discs was carried out on third instar larval eyeantennal and wing imaginal discs as previously described 7 with the following modifications: after dissection and fixation of the imaginal discs the chromatin was sonicated using a Bioruptor (Diagenode) for 15 min (settings 30 s on, 60 s off, high power) in A2 buffer at 1% SDS. The size of the sheared chromatin fragments ranged from 500 to 1,000 bp. After sonication, SDS concentration was brought back to 0.1%. For ChIP-seq experiments, immunoprecipitation (IP) was carried out in a total volume of 250 µl using the following antibodies (diluted 1:100): previously described PC-and PH-specific antibodies 7 , antiH3K27ac (Abcam #4729), anti-H3K27me3 (Upstate Biotechnology #07-449) and anti-PHO, provided by J.A. Kassis and described previously 41 .
Sequencing of the ChIP samples was performed by the sequencing platform MGX. To obtain the recommended quantity of DNA, several IPs were prepared (using 50 discs per IP), pooled and resuspended in a volume of 20 µl (12-14 IPs for PC or PH, 3-4 IPs for H3K27me3 and 3 IPs for H3K27ac). Sample preparation was done with Illumina kit (ref. IP-102-1001) following the manufacturer's instructions.
ChIP followed by qPCR (qChIP) was carried out with the same protocol, using 500 eye-antennal discs per IP. The following antibodies were used: rabbit anti-PC, anti-PH (1:100) 7 , rabbit anti-PSC (1:200) 42 , rabbit antiH3K27ac and anti-H3K27me3 (Active Motif, #39134 and #39155, 1:100), rabbit anti-H2AK119Ub (Cell Signaling Technology, D27C4, 1:100), rabbit anti-SU(Z)12 ( Supplementary Fig. 8b) (1:100), rabbit anti-E(Z) (Santa Cruz Biotechnology, #98265, lot A0109, 1:50). Primers for qPCR reactions are listed in Supplementary Table 7 . For ChIP experiments performed in PcG-mutant eye-antennal discs, the antenna was removed to work with as many mutant cells as possible.
Drosophila ChIP-seq analysis. ChIP experiments were performed in duplicates, and DNA samples were sequenced on HiSeq2000 and filtered and aligned with CASAVA (Illumina). The number of reads and the correlations between replicates are provided in Supplementary Tables 8 and 9 , respectively. PC, PH and H3K27ac ChIP-seq data were analyzed using MACS version 1.3.7 (ref. 43 ) with standard parameters, except genome size had a value of 120 Mb and tag size had a value of 36 nt. Only the peaks from MACS with a minimum enrichment of twofold and a maximum FDR of 10% were considered as enriched.
The H3K27me3 ChIP-seq data were analyzed using SICER 44 with input as control library, a redundancy threshold of 4, a window size of 500 bp, an effective genome fraction of 0.7, a gap size of 2 kb and a threshold of 10%. To define highly confident targets, the 500-bp windows with twofold enrichment were considered. However, for assignment of neo-PRC1 target genes, H3K27me3-enriched regions detected using default settings were used.
For each condition, the final list of peaks was obtained as the intersection between the peaks of both replicates. SU(Z)12 ChIP-seq data (GEO GSE36039) were reanalyzed with the same settings used for the other ChIP-seq analyses in the present study. PHOenriched regions were obtained from ChIP-on-chip data (ArrayExpress E-MEXP-1708).
To visualize and present ChIP-seq data, we used Integrative Genomics Viewer (IGV) 45, 46 .
For the scatter plots showing PC (or PH) versus H3K27me3 enrichments at PC (or PH) sites and a random set of H3K27me3-negative sites in embryos and in eye discs, ChIP-seq signals were quantified using EaSeq version 1.01 (ref. 47) . Enrichment values were then plotted using GraphPadPrism 6. The scatter plot showing H3K27ac and H3K27me3 enrichments were calculated through 500-bp-enriched windows (enrichment ≥ 2) sliding along the genome. Density plots showing the average enrichment of ChIP-seq tracks around the TSS of target genes were obtained using the Bioconductor package seqplots with default parameters.
Assignment of genes to enriched regions. The method is based on the one used by ModEncode to map regulatory elements in Drosophila 48 . A gene is considered marked if an enriched region is located between 1 kb upstream of one of the TSS of the gene and a distance equal to the length of the longest transcript downstream of the TSS, with a maximum of 2 kb.
The annotations used were computed with dedicated scripts using the API EnsEMBL Core with the EnsEMBL v73 database, which corresponds to release 5.46 in FlyBase.
Assignment of genes to the different categories of Polycomb targets. Larval PcG targets were analyzed using the following scheme: PRC1-PRC2 target genes were enriched for PRC1 (PC and PH) and for H3K27me3 using a stringent twofold enrichment cut-off. Neo-PRC1 target genes were strictly defined as enriched for PRC1 (PC and PH) but not enriched for H3K27me3 when using default settings of SICER. Genes already bound in embryos by PC and/ or PH and/or H3K27me3 using SICER default settings were not considered neo-PRC1 targeted during larval stages.
Immuno-FISH in Drosophila imaginal discs. The FISH protocol was as described on EpiGeneSys. Briefly, wild-type eye-antennal third instar imaginal discs were dissected and fixed in PBT (PBS + 0.1% Tween) 4% PFA. Hybridization of 10 ng probe was done overnight in FISH hybridization buffer (FHB). For immunostaining, after post-hybridization washes, discs were blocked in PBSTr + 10% normal goat serum (NGS) for 2 h at room temperature and incubated overnight at 4 °C with an anti-PH 7 at a dilution of 1:700 in PBSTr + 10% NGS. Discs were washed several times in PBSTr, blocked again in PBSTr + 10% NGS for 1 h at room temperature and incubated for 1 h at room temperature with an anti-rabbit-Cy5 (Jackson Laboratories) at a dilution of 1:200 in PBSTr + 10% NGS. Discs were then stained with DAPI (0.1 µg/mL in PBT for 10 min) and mounted in ProLong antifade (Molecular Probes).
Fluorescence high-resolution wide-field image acquisition was performed on a Leica DMRXA equipped with a micromax YHS1300 CCD camera (Roper Scientific), a 100×/NA 1.40 oil immersion objective (Leica Microsystems).
Generation of fluorescent probes. For each gene, the FISH probes cover a 12-kb region significantly enriched for PRC1 proteins (PC and PH) together with H3K27me3. FISH probes were generated using 4-6 genomic PCR fragments of approximately 1.5 kb. Primer sequences to generate these fragments are listed in Supplementary Table 10 . Probes were labeled using FISH Tag kits (Invitrogen Life Technologies) following the manufacturer's instructions. The specificity of each probe has been systematically tested by FISH on polytene chromosomes.
To calculate the percentage of colocalization, genes and PH foci were considered colocalized when FISH signal overlapped or was juxtaposed to the immunostaining signal in a nucleus. For each condition, 3D stacks were collected from 3-4 different tissues (optical sections were collected at 0.5-µm intervals along the z axis), and 50-100 nuclei were observed in 3D stack using Metamorph software (Universal Imaging Corp.) to obtain the percentage of colocalization.
Drosophila RNA-seq data. RNA-seq data from mutant conditions were compared to their respective control genotypes, i.e., neutral clones generated in the same genetic background. Expression levels were calculated on the basis of 2 biological replicates for each condition.
RNA-seq libraries were constructed with the TruSeq RNA sample preparation (low-throughput protocol) kit from Illumina (performed by Montpellier MGX; part number 15008136). 1 µg total RNA was used for the construction of the libraries. The RNA was fragmented into small pieces using divalent cations under elevated temperature. The cleaved RNA fragments were copied into first-strand cDNA using SuperScript II reverse transcriptase and random hexamer primers. The second-strand cDNA was synthesized. These cDNA fragments were then subject to an end-repair process, the addition of a single A base and the subsequent ligation of the adaptor. The products were then purified and enriched with 15 cycles of PCR, as per the manufacturer's instructions (TruSeq RNA sample preparation kit). The final cDNA libraries were validated with a DNA 1000 Labchip on a Bioanalyzer (Agilent) and quantified with a KAPA qPCR kit.
For one sequencing lane of a flowcell V3, three libraries were pooled in equal proportions, denatured with NaOH and diluted to 7 pM in hybridization buffer. Cluster formation, primer hybridization and 50 single-read cycles of sequencing were performed on cBot and HiSeq2000 (Illumina) respectively.
The RNA-seq data were aligned only on the transcripts using TopHat 49 version 2.0.8b and Bowtie 2.1.0.0 with standard parameters. For each gene, a reads per kilobase per million mapped reads (RPKM) score was computed.
Image analysis and base calling were performed using the HiSeq Control Software and Real-Time Analysis component. The quality of the data was assessed using fastqc (Babraham Institute) and Sequence Analysis Viewer (SAV (Illumina)). Demultiplexing, alignment and RNA counting was performed using CASAVA 1.8.2 (Illumina). Alignment was made with eland_rna on the dm3 version of Drosophila melanogaster genome (BDGP Release 5) and on several contaminants (the ribosomal RNA sequences, the mitochondrial chromosome, the PhiX genome and the Illumina adaptors). The transcript annotation was retrieved from UCSC Genome Browser (assembly BDGP R5/dm3, 52 . Genes with adjusted P value < 0.05 (according to the Benjamini-Hochberg FDR method) were considered differentially expressed.
Wild-type RNA-seq from eye discs and wing discs were obtained from Gene Expression Omnibus (GEO GSE43341).
RNA interference in S2 cells. Double-stranded RNA (dsRNA) against Su(z) 12 and GFP were synthesized by in vitro transcription (Ambion Megascript T7 kit) of PCR products amplified from w 1118 genomic DNA or from GFP coding sequence from pAWG (the Drosophila Gateway Vector Collection) using gene-specific primers that included T7 promoter sequences at their 5′ ends (Supplementary Table 11 ). S2 cells were cultured at a concentration of 10 6 cells/ml and incubated with 6 µg/ml of dsRNA for 4 d before harvesting.
